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AIISTRAC’1

Satellites of the Global Positioning System (GPS) can
be used to provide precise position and velocity
information for receivers on the surface. of the Iiarth, in
aircraft, or in low-Earth orbit, At altitudes above 5(KN  km,
}lowever,  relatively few GPS satellites are visible. Yet
CiI’S  can still help provicie a precise navigation an[i
positioning capability, even for I+arth orbiters at aititucies
weii above the aititude  of the downward broadcasting
G}’S  satellites. in fact, GPS (iata can even play an
important calibration rclie in interplanetary spacecraft
l]avigation.



This paper discusses er[or  analysis and field tesls for
use of CI1’S technology to provide orbit determination for
satelli[cs  al alti[udcs of 40000-100000 km. An experiment
being caruicd out by JPI. in late 1993 and early 1994 will
demonstrate how ClI’S-like  tracking can help provide an
operational orbit  determination capabil i ty for
g,cosytlcl]rot]cltls  satellites, such as T1>RS. The field
cxperin]ent for I’I)RS tracking uLilizes 3 modified C,l>S
gl-ound lcceivcrs  in a small (few-hundred km), local
nctw,ork.  ‘Ilese receivers have been modified to track
carrier phase from TDRS as well as carrier phase and
pscudorangc  from GI’S satellites. This ncw approach
offers  a low-cost alternative to more conventional
tracking systems for geosynchronous satellites. l;rrr the
‘1’1)1{S  demo, no new space hardware was needed, The
goal for “1’l)RS  is 50-m near-real time accuracy.

l’or orbit accuracy at the few- meter level at altitudes
up [o 100000 km, a more global distribution of hybrid
Cil]S receivers is needed for ttacking  the high-Iiarth
orbiter and the Cil’S satellites simultaneously, although
only a relatively small number of these special receivers is
l-cquireti. initial analysis of system performance indicates
meter-level perforl]]ance should be possible.

New deep space tracking applications of the Global
l’mitioning  System will also be discussed in this paper.
They arc essentially a variation on t}le high-liarth  orbiter
tl-acking  technique using a ground CiPS receiver which
can track both GPS and ntrn-GI’S  spacccrafi,  G1’S ground
rcccivcrs  collocated with the deep space tracking antennas
and refer-cnccd to the srrrne  oscillator can provide precise,
continuous and timely calibrations for geodetic,
atmospheric, and clock parameters which are critical to
interplanetary navigation. The incorporation of CII’S  into
NASA’s I)cep Space Network offers a number of
significarlt  perforrrlance, operational and economical
advantages over systcrns currently in use to provicle these
calibration products.

lN’I’ROI)UCT1ON

As originally conceivcct, the Global Positioning
Systcnl (GPS) was designed to provide positioning
accuracy at the several meter level for military real-time
applications, innovative LIse.s of GPS have been developed
recently, however, which go far beyond the original
expectations for CiPS as a military navigation tool.
Civilian and scientific uscs of CiPS have. Icd to a wide
variety of applications in geodesy, surveying, navigation,
and r-emote sensing, including a cm-level non-real time
positioning capability for receivers on the surface of the
Iiarth (Illcwitt  ct al, 1992), and several-cm accuracy for
Iow-llarth  satellite orbit determination (Yunck et al.

1993). Such }ligh-precision applications typically lrcquirc
that high-quality clual-frequency CJI’S (iata from typicalty
six or more relatively sophisticated reccivcrs bc cotnbincd
and processed together in estin~ation  software which
inccmporatcs  detailed physical and observation nmdels,
other  less dem:inding needs can be met with sirnp]er and
inexpensive CII’S receivers which provide 50-100 rn
position knowledge, Nearly all of these rnilit:iry and
civilian CIPS applications involve an upward- lookir]g
p,eornetry where the users’ receiving antennas are poi ntcd
away frc~rn the [iarth towards CIPS  satellites which arc at
higher altitude. I~ig. 1 shows an example of this geometry,
with the Iow-liarth  orbite]-  (Topcx/1’osciclorl)  and :round
stations tracking CIPS satellites. in this and most other
positioning applications, the CiPS receivers on the orbiter-
or on the ground are used with antennas with
approxinlately hemispherical field of view looking away
f[ ml the I{arth.

l~ig. 1. Upwards looking geometry for Iow-Eartll
orbiter and ground stations tracking {;1’S satcllitm

The l’opex/Poseidon  satellite carries an ocean
altirnctcr  which is bc. ing used to map the oceans’ sur(aces,
measure global ocean circulation, and sense changes in
ocean height. At its altitude --- slightly above 1300 km -
6-8 CiPS satellites are typically in view at a given time
with the upwards looking hemispherical flelcl of view. At
least 4 CiPS satel l i tes are rec]uire(i to  enable a
determination of the user position and clock relative to the
(il’S comtcllation. By relying at least partially on
available precise dynamic models, a dynamical fit can be
pcrforlnccl in a sequential filter using data over al least
several hours and the accuracy of the solution improves
significantly over that achicvecl  from instant point
solutions, Additional accuracy improvement results from
differential elimination of the receiver and transn]ittcr
clocks at each measurement epoch. The differential
solution also removes the effects of selective availability
(SA), which is a clock dither on the GPS transmitters,
While this requires common visibility of at least two G1’S
with at least two receivers (Fig, 1), such geometry is
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lig. 3 l)iffcrcntial  G1’S tracking. Four simultaneous
nwasurcmcnts of carrier phase (0) enable removal of
transn~it[er and rccciver clock offsets. After tracking
for 12-24 hrs, the resultant linear combination of
ranges enables estimation of GPS orbits to the level of
a fcw tens of cm, and of ground coordinates to cn]-
levcl accuracy. I’hc term B, in the final equation, is a
composite bias term which is easily estimated from -3
hrs of tracking. III G1.T, the carrier phase from the
high-ltarth orbiter would also bc included and its orbit
sin)ilarly estimated.

}:ig. 3 shows schematically how GI.2’ relates to
differential GPS tracking. This relationship is discussed at
length in I.ichtcn et al. (1993). In principle. this could be a
powerful technique for orbit determination, since GPS
orbit accuracy is routinely cietermined at several analysis
centers to better than 50 cm, and the accuracy of the high-
Iiarlh satellite’s orbit could, under ideal circumstances,
approach that of the CIPS  satellites. Fig. 4 shcrws  how
overlapping data arcs of 30 hrs are used to assess orbit
quality at the Jet l’ropu]sion  1,aboratory. Ihrring a recent

l-week periocl in IJecember 1993, for 25 (il’S satellites
tl]c average rlns overlap difference was 37 cm (1{SS thrcc-
dilnensional). I)uring  that week, the lowest  rtns was for
I’RN 22 (8 cm) while the highest rms was for I’RN 13
( 109 cl]}),
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Fig. 4 Assessment of [;1’S  orbit quality from daily G]%
precise orbit determination at the Jet Propulsion
1 laboratory.

I’here are thlee possible C,l’S-ccJtIll}atil>le signals to
consider: ( 1 ) an actutil G1’S 1.-band  beacon; (2) a set of
tones w}lich can bc tracked in a CT}’S gr-ounci  receiver; and

(~) the earl im p}~ase from telemetry, tracked in a GPS
receiver. Use of an actual G1’S  beacon (case 1 ) is
probably not feasible due to possible interference with
military operations. A suitably designed beacon (case 2),
however, could transmit a set of tones at 1,-band  which
could be. tracked in the GPS receiver with minor
modifications. l~or exarnplc,  a GPS receiver which
ordinarily tracks 8 CIPS  satellites could bc modifieci to
track 7 CTPS satellites and tones from one other sateiiite.
With an aciequate bandwidth separating the tones,
ambiguities could be resoived anti a cm-ievci  (iuality
lange rneasuleluent couici b e  pcrssib]c.  case 2 woLIici i n
generai re(iuirc piacing a new beacon on the user sateilite.
l’he third approach, tracking carrier pime from the user
sateiiite,  wouid  be subject to any iirnitations  On the
availability crf the current carrier signais  fronl the
spacecraft. As in case 2, CT}’S ground receivers couid bc
IIlodified  to enable simultaneous tracking of CJPS anti the
rlcrr~-GPS signals. I;or either case 2 or 3, the beacon neeci
not be at the GPS I . -band frcciucncy;  a  s imple
dowrrconversion to I.-band wouid be used prior to feeding
tile. non-C,PS signai to the GPS ground receiver (Fig. 5),

in the next section, a covariance  anaiysis  wiii be
presented to discuss the potentiai  for case 2, where a
beacon is piaced on the user sateiiite to broa(icast ranging
tones. in the sec[ion foiiowirrg,  an exanlpic of case 3 wiii
be discussed - tracking geosynchronous I’I)RS satellites
writh smaii G}}S  ground terminals. An experiment for
tracking TLJRS with CiPS ground receivers wiii be
(ic.scribed,  lhree  CIPS receivers have been rnociifie(i at
JP1, to enabie reception of the Ku-band carrier phase from
‘i’l)RS satciiites  (}~ig. 5). The l’I)RS/Gl’S experiment
began in iate January 1994. The use of GI’S calibration
nmasurements  to suppcrt-t  deep space navigation wiii aiso
be expiained,  inciuding  description of a prototyi}e  systcm
developed at JI’1.  for providing such support for NASA



intctpl:inctary  missions. Sample calibrations from the
(;1’S tracking system will be shown and implications
ciiscussed. I’hc final section of the p:iper sun)marizes  the
ilnplications of the use of CJPS for high-Flarlh and clecp
space applications.

L=-.$
for non L-band data
(0.9, S-band, Ku-band)

TDRS
(various
frequencies)

l~ig. 5Scbcn~at icforanloclifiecf  GI’S ground receiver
to simultaneously track a tligtl-Itartb  orbiter along
with G1’S satellites, For a satellite such as T1)RS which
broadcasts at frequencies outside the GPS l.-band
(1.2- 1.6 Gllz), a small separate antenna with a
downconverter would be added to the GPS ground
instrument,

GI’S-I.IKK TRACKING: SPACIXXAFT  1’ONES

‘1’hc  use of sinall ground antennas and CI}’S receivers
t’or torlc-tracliing of high-Farth/elliptical  orbiters could
potentially free up significant amounls  of tracking time on
Iar-gel and n~orc expensive antennas ordinarily used to
provide navigation and orbit determination, l’his is
especially true at NASA’s three deep space network
(l)SN) cornplcxcs, where trackin~ time is often scarce.
The accuracy of the. combined high-F,arth and CJPS
tracking system may also be superior to that available
from other more conventional methods. POINTS
(1’recision Optical lNTerferrm~eter  in Space) is an optical
astromctric mission for identification and characterization
of planetary systems around other stars in the solar
neighborhood (Schumaker  et al. 1991 ). This mission,
plescntly  in the planning stages, requires velocity
deterlnination to an accuracy of 0,5 nlnI/s  (Ulvested  199?;
}Iaines and 1,ichtcn 1992). Conventional NASA tracking
systems are expected to result in orbit errors  1-2 orders of
magnitude higher than this (Iistefan 1991). IIowever JP1 ,’s
daily CIPS orbit formal errors are at the level of O. I nmds,
If POINTS were to broadcast a suitable signal to bc
tracked in CI1’S ground receivers, the C, PS-like tracking
beacon scenario for the POINTS orbit determination
problem might be a viable approac}l,

‘1’:ible  2. listitnation Str:itegy {or GI’S/1’OINl’S
analysis—-— ——

!Xrta .N.oise (X! nlin.ute_.Otrservalions)

GI’S  earlier phase I cm
G1’S P-code pseudorange 30 cnt
J’OIN’I’S:  Ku-band beacon case

pseudorange  (tones) 5 cl))
randm noise over ] rl~in

systcrn:itic  nleasurermnt  error ?iO cnl/12 hr

1’OIN”IS position (X, Y, 7,) S km
1’OIN’IS  velocity (X, Y, 7,) 50 n\/s
(iPS position (X, Y, 7,) I 00 nl
GPS velocity (X, Y, Z) 1 mts
GPS solar radiation pressure 259’
(iPS y-bias lo- f21,,,s2

GPS carrier phase biases 1s
C,} ’S/POINl’S/staticm clock errors 1 s white noise
Yfenith  tropc)spbere 40 cm a-priori

+5 Cnd{ckry
random walk

~C.<rJlsicler” p~arneters  (not eslimated, treated as
systematic errors)

1’01  N-I’S solar radiation pressure 2 %
Polar motion (X, Y) S cm
Geocenter location (X, Y, Z) 5 Clll
Flar[h  rotation ([JT 1- UTC) (). 1 msec
Station Iocalions  (X, Y, Z) 1 crn
liarth gravitational constant 1 part per billion
Geopotcntial  field (lumped) 25% CiIiM-10  - GIlh4-1,2

A covariancc analysis (see 1 ichtcn  ct al. 1993) was
preformed for a nearly circular orbit at high altituclc
( 100000 kn~). ]For  a G} ’S-like beacon  on the POIN”I’S
slmcecraft,  we assumed a series of tones would be
hmadcast at Ku-band with a 100 Mtlz banclwidth. l’hcse
tones would be spacecl so that an equivalent one-way
range datatype WOLIICI be produced with S cm data noise
over 1 minute. averaging interval. A larger source of
rncasurcrnent  noise results from electronic delays
associated with the separate front end which would be
attached to the CII’S  ground receivers (I:ig,  5) to erlable
rcccption of the POINTS signals. We assumed that these
delays woLIld bc slowly varying, and represented them in
the filter as Ist order Gauss Markov process noise with
arnplituclc  30 cm and 12-hr time constant. Iiach of the. six
ground receivers would therefore be tracking up to 7 GPS
satellites at once plus POINTS (instead of the usual 8 GPS
satellites at once),

A sirnuialed data set was fit over a 4-day interval (one
I ) OINTS  orbital period). The estin~ation ancl filtering
strategy was selected to be nearly identical to that used at



J]’], for actuiil G1’S  data processing, with the exception
tilat 1’OIN’l’S was  included as we]}. ‘l’able 2? s h o w s
assumptions of the analysis, which includes systematic
et I or contributions from POINTS  solar radial ion prcssut-e
Inisnlodeling,  liarlb orientation, relative station locations,
and gravily. };ig. 6 shows the expected orbit velocity and
position em)rs for I’OINTS.
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I;ig. 6n. Orbit determination for POINTS with 6
ground sites and GI’S-like tracking. More than 80% of
the orbit error is due to data noise and mcasurcmcnt
coverage, with only small contributions from the
systematic (consider) errors listed in Table 2. Velocity
errors arc shown for tracking interval of slightly Icss
than 4 days and also prediction illtcrval of 6 days.
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]’osition errors anticipated for POINTS
corresJ)onding to velocity errors in Fig. 6a.

I)ue to operational constraints of the I’OINl’S
mission, in this analysis, tracking was assumed to be
available only 25% of the time. This limited tracking
scenario accounts for the possibility that the spacecraft
could lx- turned in such a way that the beacon would be
pointing away from ]iarth, cieperrding  on where the

astronomical sources were located in the sky **. l’ig. 6
SI)(JWS  that the I’[)l NTS  so lu t i on  is f-(]bust  ;ind, based on

our assumptions about capability to model forces on the
satellite, ctin hc predicted several days in advance without
scr ious degradation of accuracy,

in summary, a high l{arth orbiter (such x POIN”l’S)
can in principle be tracked [o several-n]  etc.r level position
accuracy and velocity accuracy of O, 1 nlnl/s if equipped
with a ClI’S-like  beacon at Ku-band and tracked from  at
least 6 modified G1’S ground receivers which have been
retrofitted so that the data from the high liar~h et-biter and
(;1’S satellites can be processed sirl~lllt:tnec)tlsly,  [or
t’ic>quencies other than Ku-band, performance may vary
slightly since the ionosphere delay calibration f’ron]  the
G1’S 1,1 and 1,2 signals will have son]c .crrcrr and this will
be more important at lower frequencies.

GI’S-l.l Ktl TRACKING: T1)RS I)ILMONSTRAIIION

]n late 1992, a preliminary study of new technologies
fol tracking geosynchronous satellites, specifically the
‘Iracking and I)ata Relay Satellites (l’IJRS),  was initiated
at J}’], in the lJSN Advanced Systems I’rogram,  at the
request of the NASA sponsor (Il:iines et al. 1992; Nandi
et al, 1992). At the conclusicm  of the study, NASA
decided to sponsor a small clen]onstration experimcrlt  for
tracking I’I)RS. I’he experiment utilizes  three ground
Ielminals,  each of which includes a GI’S  TuI-bol{ogue
g] mad receiver. l“hese CII’S  receivers h:ive been modified
al JI’I,  so that they can track 7 CJPS (carrier phase ancl
~)scudorange)  satellites + 1 TI)KS (carrier  phase)
silnultaneously (I;ig. 5). Initially it was planned to deploy
the three ground terminals within approxitnately 100 ktn
of White Sands, New Mexico. The small network size is
necessitated by the small TIIRS footprint at White Sands,
and of f’crs a number of operational advantages as well, In
tl~o.st cases, carrier phase tracking would enable a
colnpletc  orbit solution to be determined; however
bccausc I’IJRS satellites arc gcostationary,  carrier phase
by itself provides a very weak determination of the
longitude orbit component. A small amount of two-way
r angc data (such data are regularly collected at White
S;inds) would be. adequate to determine the longitude
orbital component provided the 2-way range data were
],tecise  enough. I;ig. 7 includes a schematic of the
experiment as originally conceived, and a plot showing
arltici pated orbit determination accor:icy as a function of

* * Since that analysis was completed, however, a new
spacecraft design has been developed w}~ich  allows fot
j)lacerrlent  of two beacon transmitter antennas on
opposite sides of the spacecraft so that coverage of the
l’arth is possible more than 75% of the time (ref),



two-way range precision, I’hc eventual goal is to show
that the system could meet a 50-m operation] orbit
determination requirement, with 2-hr ciclivcry after a
n]ancuve  I. In the context of the POIN1’S  covariance
analysis, it should be noted that if a gccrsynchrm nous
satellite were equipped with the type of beacon assunled
for 1’OIN’1’S,  the expected orbit accuracy from a global
tracking network from (i] ,1’ would be about 3 m. III the
case of TIJRS,  however, existing signal structure and the
limited .glound footprint put constraints on the
pcrfc)]-ll]ancc, ‘i’he  expectation that only the earlier phase
~’ariations would bc tl-ackcd in the ~1}’S receivers (instead
t~l mnging signals), and the small footprint near White
Sands, arc expected to lead to orbit determination about a
factt)r of tcn less accurate. I’he. 1’IJRS  experiment was
originally conceived as shown in I;ig, 7; howevel,  the,;
actual baseline le~ngtbs are approximately 1000 knl ancl
300 km, which should result in higher accuracy than for
the CaSC of 1 ()()X 1(K) km.

I’here  are a number of advantages to using G1’S
~tound rcccivcrs in this type of tracking configuration,
IJirst,  G1’S  receivers provide precise troposphere and
ionosphrrc  calibrations at each site, Second, (;1’S
reccivct-s  provide cm-level ground  site coordinates and
g,lobal G1’S tracking data enable other extremely accurate
geodetic calibrations, inducting }larth crricntation.  Third,
G1’S ground rcceivcrs enable nallosccond-]evel  inte.r-site
clock time transfer so that precise measurement of
d i f f e r en t i a l  cal-ricr phase ciata can proviclc orbi t
dctcmnina[ion cve.n over relatively short baselines. C)(her
advantages include the ease of maintenance of
commercial G1’S receivers and highly automated data
processing systems already in place to handle ciata from
GI)S I-cceivcrs.  10 J1’1,’s rmutinc p r o c e s s i n g  systcm,
l-etticvat of GPS data from nearly 50 sites worldwide is
accomplished in about cmc-half  a day; clata processing and
parameter estimation can take 6-12  hrs of time on a small
(super-nlini)  computer. For a ~-station  network dedicated
to 1’1>1{S,  total data processing time could be recluced to a
fcw hrs provided that (iPS  orbital ephemerides were
propagated forwards from the prwvious day’s solution.
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Actual baselines in the demo arc 300-1000 km,
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IJig. S initial detection of TI)RS carrier phase at JPI.
with modified GPS receiver.
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~’he prcse.nt-day St~t LIS of the l’1)1-(S/Gl’S

dcmonst[ation  experiment is that data collection was
sclIdLIILYi to take place between .lanuary  17-24 1994. One
gtound trrlnina]  was dcployd  at J]’l., which is well
outside [he ‘1’1)1<S  footprint, after initial ground  tests
showed that the TI)l{S carrier phase could he easily
trackrd tt]el-e since J1’1, happens to lie in the first  sidelobe
of the ‘I’l  JRS tt-ansmitter  antenna pattern. I’hc longer
hasclinc to J} ’1, should strengthen the orbit determination.
l:ig, 8 shows the initial detection of Ihe TI)RS earlier
si~na] fIoIn the roof of a building a[ J]’]. with the G1’S
rccc.iver. More detailed results and a crrmplcte discussion
01 the “1’l)l<S/Gl’S tracking, experiment will bc presented
in a future paper.

(;1’S I)lCltl’  SPACE  TRACKING CA] ,1 IIRA’I”1ONS

‘1’hc role of ground (I{arlh] based GI’S tracking in deep
space (interplanetary) navigation can he envisioned as a
logical extension of the use of (il’S-like tracking for high-
llar[h satellite orbit determination. In the TIJRWG1’S
demo, a small horn antenna a few inches in dian~eter  was
used side by side with the usual G1’S omni (hemispherical
view) antenna, and the oulpats  of the two antennas arc
combined. I(or deep space tracking, a larger collection
area is often neecled, not only clue to the weakness of the
signal, bat also for the telemetry capacity. A ~11’S ground
rccciver could still be used in conjunction with the largest
(70-n~ctcr) deep space tracking antennas. This, in fact,
was done several years ago to track spacecraft at VCOLIS.
%veral  tone trackers based on G1’S receiver boards are
currently being used experimentally at two of the I)SN
stations, l’he more common situation, at Icast at the
present tin]e, however, has the deep space tracking systen)
“separate from the G1’S ground receiver, Nonetheless, co-
location of the GPS ground receiver at the deep space
tracking sile prwvicies nearly all the benefits of Cil .1’ when
the G1’S  receiver is linked to the same clock and
frequency standard (a hydrogen maser at the IJSN sites)
which is used for the deep space tracking. The main
difference is that the time transfer is more difficult with
deep space tracking case since all cable and electronic
delays txtweco  the GPS ground terminal and the separate,
larger (and more complicated) deep space tracking systcm
must bc calibrated. The geodetic and atmospheric
calibrations from ~lPS are still available, and in fact
assume even greater importance for deep space tracking
cent-igurations.

. . .

r r 1 --l‘“HERRING TIDAL MODEL
GPS-VLfil rrns dlff =  0 . 1 7  m a s  (=0.6 C:I)  ,

1
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I~ig. 9. GPS  est imation of change in Karth’s pole
relative to the Earth’s crust — polar motion — }vith
high-resolution to show effects of oceanic tides (I)ickcy
and Feissel 1994). The tidal effect is about 5 cm over a
day and is confirmed to better than 1 cm with wry
long baseline interferomet ry (VI .111), a radio telescope
astrometric technique.
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IJig. 10. Iligh-accuracy  relative clock n~easuremcnts
between two lMN sites in California and Australia
from continuous GPS tracking. G1’S mcasor~ments
are accurate to better than 1 nsec/day, and indivicloal
clock offset estimates (every 5 min fron~ GPS ) S11OW
internal scatter of a few tenths of nsec.

A prrrtotypc G1’S calibration system was clcvelcrpcd at
JP1, which utili?es data from a global network of gt-ouoct
sites, “1’hc calibrations to bc provided include: tt-crposphere
and ionosphere path delays; Iiarth rotation and polar
lnotirsn variations; station coordinates; ancl time transfer.
The accuracy goals for all these calibrations are at the few
cm-level, with the exception of the clock sync for which 1
nscc is the target. Initial results from the prototype G1’S
calibration system are shown in F’igs. 9-11. Wheo made
operational, such a calibration systen) could eventually
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support a deep space navigation capability between 10
and S() nanor;idians  angular accuracy, depending on the
level of other systematic cmors in the deep space data.
I’bc Cil’S-based  calibration system is expcctecl to be very
valuable for the I)SN since most of these calibrations are
either presently determined less accurately when non-GPS
techniques are e.nlployect, or (as in the case for liar[b
orientation) require scheduling of quasar observations
with Ihc Inrgest (:ind lnost expensive) of the deep space
antennas, thereby deer-casing available antenna time for

spacecraft,

o 6 12 18 24
TIME (HRS)

Iijg. ] j+ ~,~~jlh  ~~oposphrye  dclfiys at the s NASA l)SN
sites measured with G1’S. Width of lines indicates
precision of GI’S cstitnatcs (+/- 10), better than 1 cm
most of the time.

CON[l.llSIONS

G1’S-tikc  tr:icking (G1 .1’) offers a new way to track
high-l iarlb and interplanetary spacecraft. 61 T for llarlb
olbitcrs  relies on a several ground ~JPS receivers which
are modi~rcd  to simultaneously track CJPS satellites and
onc or more specific non-GPS satellites. Covariance
analyses predict t}]at even at 100000 km altitude, orbit
accuracy of a few meters should  be possible with Cil.1’

and an appropriate system design. A 1994 demonstration
experiment for tracking TI)RS differential carrier p}~asc
with ground GPS receivers is the first step towarcls
dcvcloprnent  of a CJI,T system for geosynchronous
orbiters. In tbc case of 1’l)RS, S()-nl accuracy is the goal;
the accuracy is limited primarily by various constraints
arising from the TDRS signal characteristics. Hor deep
space applications, the G1.T configuration may be
modified to include a large deep space tracking antenna
systcrn.  The advantages of incorporating, GI’S ~round

observations for geodetic, clock,  and atmospheric
calibrations for deep sp:ice tracking are improved
efficiency and bct[cl- :iccur:icy. A prototype G1’S-based
calibration systcln for deep space tracking has show]~  that
the. concept is inclecd feasible.
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